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Abstract - FPAR: 



PROBLEM TO BE SOLVED: To provide a MOS capacitor of 
interface level density by 

forming at least one layer of oxide film and nitride film 
as a gate insulating 

film on a semiconductor substrate comprising a silicon 
carbide on the top layer 

before annealing in the atmosphere containing hydrogen at a 
temperature in 
specified range. 



Abstract - FPAR: 

SOLUTION: On a semiconductor substrate comprising a silicon 
carbide (SiC) on its 

top, at least one layer of gate insulating film comprising 
oxide film and 

nitride film is formed for annealing in the atmosphere 

containing hydrogen at 

600-1600 
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' NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely 

2. **** shows the word which can not be translated 
3 .In the drawings, any words are not translated. 
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DETAILED DESCRIPTION 

Petailed Description of the Invention! ^ - 

[0001] 

[todustrial Apphcauon] This invention relates to the manufacture method of the semiconductor device in which the low good eate 
insulator layer and smcon-carbide interface of interface level density were formed, in a semiconductor device, a semiconductor 
integrated circuit, etc. which carried the metal-oxide-fiUm-seimconductor (MOS) structure where the silicon cartide was used as a 
semiconductor, or the MOS electric field effect type transistor 
[0002] yP 

Pescnption of the Prior Art] The interface level density generated in the gate insulator layer / silicon-carbide interface which is a 
wide gap semiconductor, and which was formed on the silicon-carbide substrate (SiC substrate) is high 1 or more figures and has 
become one of the causes of low channel mobility from the interface level density which generates a silicon substrate in the gate 
oxide film / silicon interface which oxidized thermalry and was formed. 

[0003] Moreover, it is with the MOS capacitor usually produced using the silicon substrate. Although the interface level density 
generated m a gate oxide film / silicon interface by carrying out hydrogen annealing at 400 degrees C, and carrying out 
tern^on of the dangling bond is reduced and it is made form a good interface, even if it carries out annealing at 400 degrees C 
with the MOS capacitor produced using the silicon-carbide substrate, there is no conspicuous effect which reduces the interface 
level density generated m a gate insulator layer / silicon-carbide interface. 
[0004] 

S*^? 1 ? ^ C c S ° 1Ved by ^ bvciltion ] termination of the uncombined hand of the silicon or carbon followed and 
lacjced to the MOS capacitor interface produced using the silicon-carbide substrate in this invention is carried out, and it aims at 
forming a good interface with low interface level density. 

[0005] In order to solve the above technical problem, mvention-m-this-apphcation persons found out wholeheartedly that the 

ul^*°T ° f mtC ? aCe levd was obtained ^ annealing the MOS capacitor produced using the silicon-carbide 

substrate m the atmosphere containing the hydrogen under an elevated temperature as a result of research 
[OUOoj 

[Means for Solving the Problem] This invention proposes the manufacture method of a semiconductor device of annealing in the 
atmosphere which contained hydrogen in 600-1600 degrees C, after forming more than two-layer [ of an oxide film anoVor a 
nitride / one layer or two-layer ] as a gate insulator layer on the semiconductor substrate which has a silicon carbide in the best 
layer at least based on the above-mentioned knowledge. 

[0007] In addition, although there are very many porytypes, such as 3 C-SiC, 4 H-SiC, 6 H-SiC, and 15 R-SiC, in a silicon 
s^cient aVit * ^ ° ^ 88 & scmiconductor substrate in this invention is SiC, the thing of which type is 

[0008] Moi^ver, as long as the best layer is SiC, the structure which has 3 C-SiC on Si, and the structure which has 3 C-SiC on 
mn 01 ^ sufficieat 88 the structure of a semiconductor substrate. 

[0009] As an oxide film or a nitride, although a silicon oxide or a silicon nitride is common, which oxide film or nitrides such as 
analummiimrade film, a tantaUoacid-ized film, an aluniimium nitride film produced on another conditions, and a gallium 
nitnde, are sufficient, without being limited to this. 6 
[0010] As a method of carrying out the laminating of the oxide film on a silicon-carbide substrate, although an oxide film may be 
tormed by the = forming-membranes method on a silicon-carbide substrate, a sUicon-carbide substrate may be oxidized thermally 
and an oxide film may be formed. 

fQnj nng a silicon oxide on a sihcon-carbide substrate by the forming-membranes method, for example after 
toning silicon on a sihcon-carbide substrate by the MBE method (the Molecular beam epitaxy method) or c¥(to 
gaseous-phase method), you may oxidize thermally and form and a silicon oxide may be formed by C VD and the SOG method 
(the spin on glass method). J 

[0012] On the other hand, as a method of carrying out the laminating of the nitride, the LPCVD method (low voltage chemistry 

^r phaSC mCth0d) md plaana ^ employable on a silicon-carbide substrate. 

[0013] 

[Function] That is after fonning the gate insulator layer which consists of an oxide film or a nitride on a sfficon-carbide (SiC) 
rf£2r Tf" 8 - m atmos P here conlamm g 600 degrees C - 1 600 degrees C hydrogen, termination of the dangL bond 
of the s.hcon winch exists in an insulator layer / silicon-carbide interface, or carbon can be carried out, it can reduce interface 
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level density, and can form a good interface. 

ESSS^^?*** 5? ° f ^ SiUc0n 05dde tennination *** dangling bond of the silicon which exists in a gate 

u^taor layer / aWcarb.de interface, or carbon is not fully made, and is used as example, a gate insulate kW 160? 

IX » < d r TZ;w 1 ? d ^ gen PreSSUre r f0rcemthecase of hydrogen annealing is at 0. lPa or less, since there is no effect it is 

b0Dd CarneS ° Ut [•»«**] tennination, and the hydrogen pressure force returned oxyeenfromfcesiLn 
wSSS'J^T ""T* ^ 100 * tte ^gen ^ bang more than an orfhS^St 

teM ^SStST ' \ ? '«* ^*orlaya,redu=ed the membraneous quality ofZ2 fiS caused 
ro0161 M^lTZ^^ ^ ?? ^^Pr^ f°rce was made into the range of O.lPa - 1.01xl05Pa 
Xh° ] if^T ' anneahag ^ ^ kvenDQI1 0311 ^ performed in mixed-gas atmosphere with inert eas such^the 

SSJlr ^ " hydrDe01 ^ nrtrogk an argon, and iX ^ ^ ^ ^ " ^ 

H 0 ixl OSpS ^' t £tT C0DCenlratlCmiS toolowmthe Pr^re of gas atmosphere being fixed to an ordinary pressure 
bSo^f.^JfT r^ 011 (hydr ° 8en flow ^(hydrogen flow rate + inS gas flow raSS^bemg 

cS^tfteSS^fT^ ^ ""too short* ^drogen annealing time being 1 0 or less seconds, and could not fulhr 
3/»!f.£T^ ««f* e ««^hwbo n d, at.dtheoxygenofuiesffi.xmoxidetoolo^rm 

SJS? ""V?* 85 a , gate lflver was the membraneous qu2y of an oStaiSX 

faU of a dielectnc breakdown voltage was caused, annealing time was made into the riige of 1 0 seconds - 3 W 

[Example] Hereafter, the example of this invention is shown. 

nrn-r^-Na-^O^ ^ ^ RCA W8Shing ' ^ ** 1 8 *** 0FF 4 H " SiC m (0001) (Si side 

f samples was removed by HF. Subsequently, after forming a 36nm - 50nm oxide film by dry 

™~Tc ?0M toS? ' 5 ST** 1 100 degreeS C to ™m temperature. Then, temperature was dianged to^OO 
a, ^SmL^Tt \ "^^V* a^eahng was performed for 30 minutes. ThehydrogenpLsure force was5 6xl03Pa 
Jrod^i ^ 1,111 Wa$ ^ f0r 1116 ^ md and the MOS capacitor £as 

EI!^^?? 1 x a il^ lingil ' theRF(fi= 100 ^) valve flow coefficient property wmch drawing 1 is the cross section 
£7vSS 7?™ ° btained 51 ^ eXUnpIe 1 ■ ^ 2 using thisMOS capaX 

S h^ riSf °h h 7 P^ 6 ?- " meaSured 0D 11181 da * ness m the box of the shielded metal, and the 

r« Na-lxl 0lS"^^l m ?T¥ 2 * 8,1 ldeal «™ from the oxide-film capacity of 25V, and 

hvdmL r ^? ght -; hand ade Hne is a valve flow coefficient characteristic curve 4ennot carrying out 
K^SSS** ^ " M ^ te ^de dashed line and the left-hand side dasheSs f valve 

d^e^5oTdt^Or,T e ^ 0Uthydr0gm «^^^rigm-handside,respectiveryn00 

SvET C - 500de e rees c > 6 °0 degrees C, 700 degrees C, and 1000 degrees C. 

JSSS^T 7 ^ ,M ^« D »«««««> at aroomtemperatureforthe wide gap of 4 H-SiC. and ibecau^it wiZbe 

inneaW 0 ^^ "^"f^ eWteistic «^ (ri^-hand side dashed line) when not carrying out hydrogen 
anneahng -setUng- a flat-band-voltage shift - 15.7V - very much - large - going and return of a gate TOltaee-^om 1 th e 
JsmrfV.to^to^^^^^^^^^^ gatevoltage about 1 -the 

S^riSeiSSr^r Cb ^ ra ? a i Stic ^ ^ line inserted with the right-hand side dashed line and the 
left-hand side dashed hne. although a flat-band-voltage shift decreases when hydrogen annealing is carried out at 400 deLs C 
SS£nSL ' 15 ,arge ^ * hystercsis ^ ^ large, it cannotkui be used S 400 degrees C - 

^ hy<togeD * carned 0W 81 600 Agrees C, a hysteresis disappears mostly and when it is 

apS^Ku^ 

P026]h addition, although a hysteresis disappearing completely and approaching an ideal curve further was expected when 
SSA^r T C " ^ ^ -Wng^of the silicon oxide current^Sl^ as 

[0027] degrees C - range of an annealing temperature was made into 600 degrees C - 1600degrees C. 

^Z^JT^^ A i°y e '. in ^ OTt - ^rdmg to this invention, interface level density can fully be reduced and good 
insulator layer / sihcon-carbide interface which is fully equal to actual use can be acquired by carrying out termiiSrfL 
silicon winch exists » a gate insulator, layer / silicon-carbide interface, or the erf3T^S^SSZ£ 



[Translation done.] 
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